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UNITED STATES OF AMERICA 



SPECIRCATtON 



TO ALL WHOM IT MAY CONCERN. BE IT KNOWN THAT: 



STEYNBERG, Andre Peter 
GREEFF, Pierre 



have invented a certain 



"CO-PRODUCTION OF HYDROCARBONS AND DIMETHYL ETHER" 



.of which the following is a specification 
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THIS INVENTION relates to co-production of hydrocarbons and dimethyl 
ether. In particular, the Invention relates to a process for co^roducInQ hydrocart>ons 

and dimethyl ether (DME). and to a process for co-produdng liquid fiiels and light 
olefins, 

invention, there is provided a process for oo- 
produclns hydrocarbons and dimethyl ether (DME). the process Including 

feeding a gaseous ieedstock comprising hydrogen and carbon monoxide. Into a 
three-phase low temperature catalytic Rscher-Tropsch reaction stage; 

allowing the hydrogen and carbon monoxide partially to react catalytlcally in the 
. Flscher^Tropsch reaction stage to fomi hydrocarbons; 

obtaining a tail gas ftom the Fischei-Trcpsch reaction stage which Includes 
unreacted hydrogen and carbon monoxide and also carbon dioxide; 

adjusting the composition of at least a portion of the tali gas to provide a DME 
synthesis feedstock with a syngas number (SN) between 1 .8 and 2.2, where 

k 

SN « [Hal-rcOa] 



tCO] + £COJ 



and Where [Hd. [CO] and fCOd respectively are the molar pmportlons of 
hydrogen, carbon monoxide and caibon- dioxide in the.DME synthesis feedstock- 
feeding the DME synthesis feedstock Into a DME synthesis stage; and 
converting at least a port! n of the DME synthesis feedstock fed to the DME 
synthesis stage to DME. 
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Typically, the Flscher-Tropsch reaotlon stage includes a sluny b d of a solid 
particulate Rscher^Tropsch catalyst suspended In a carrier liquid, with the gaseous 
feedst ck entering the sluny bed at a low level. 

The Fischer-Tropsch catalyst used In the Fischer-Tropsch reaction stage 
may be a shifting catalyst. e.g. an iron catalyst, and Is preferably a promoted iron 
catalyst The catalyst may be promoted for activity and/or selectivity. 

■ 

By -shifting catalyst" is meant a hydrocarbon synthesis catalyst which* at the 
operating conditions of the Fischer-Tropsch reaction stage, converts more than 2 % of 
CO passing through the reaction stage Into COa by the water-gas shift reaction: 



CO + HaO ^ CO2 + Ha 

I 

When employing a slurry bed in the FIscher-Tiopsch reaction stage the 
hydrogen and carbon monoxide react catalytically as they pass upwardly through the 
slurry bed. thereby to fomi liquid hydrocariDon products and gaseous products, with the 
liquid hydnocartjon products thus constituting the carrier liquid of the sluny bed. 

The process typically includes withdrawing liquid hydrocarbon pnsducts and 
gases and vapours from the Fischer-Tropsch reaction stage, cooling the gases and 
vapours to condense liquid hydrocarbons and reaction water pmsent -therein and to 
Obtain the tail gas comprising the unreacted hydrogen and cartoon monoxide. Typically 
the condensed liquid hydrocarbons, reaction water and tail gas are separated In and 
Withdrawn from, a separator vessel, with the composition of at least a portion of the tail 
gas then being ac«usted I0 provide the DME synthesis feedstock with the desired " 
syngas number. 

The tail gas from the Fischer-Tropsch reaction stage thus typically Includes 
unreacted hydrogen, unreacted ckrt>on monoxide and gaseous products which am 
fomrted In the Fischer-Tropsch reaction stage. Including COa. and which have not been 
condensed and separated from the tall gas. This tail gas typically includes small 
quantities of C5- hydrocarbons. Thus cartjon dioxide will be formed in the Fischer- 
Tropsch reaction stage by the water-gas shift reaction. 



Preferably, the syngas number is between 1.85 and 2.15. more prelterably 
between 1.9 and 2.1, e.g. about 2. 



Advantageously, it is expected that the DME synthesis feedstocic may Includ 
Fight hydrocarbons from the Flscher-Tnopsch reaction stage, without the presence of the 
light hydnDcarbons advereely afiiecting the DME synthesis, thus obviating the need 
substantlaliy entireiy to remove these iight hydrocarbons from the taii gas obtained from 
the Pischen-Tropsch reaction stage. 

Adjusting the composition of at least a porUon of the tail gas may include 
removing some COa from said portion of the taii gas. Thus, the syngas number may be 
adjusted upwardly. As will be appreciated, the gaseous feedstocic can be derived fiom 
a methaneoontalning gas such as natural gas, or it can be derived ftom solid 
carbonaceous material such as coaL When the gaseous feedstock is derived from a 
carbonaceous material, such as coal, it is expected, that, in a prefen^d embodiment of 
the process. CO2 will be removed from said portion of .the tali gas. in an optional 
embodiment of the Invention CQa is removed from said portion of the tail gas when the 
gaseous feedstocic fs derived from a methaneKJontalnIng gas. Preferably, this f® 
effected without compressing said portion of the tail gas. 

Removing some COg from said portion of the tail gas may include absort>ing 
the CO2 in a solvent. e.g. a Benfiald solution. The process may thus also include . 
recovering the removed CO2. by stripping the COa from the solvent. This may be 
achieved, for example, by using a stripping gas and elevating the temperature of th 
solvent. 

t 

p 

In one embodiment of the Invention, the stripping gas used to recover CQa 
from said portion of the tall gas Is methaneH^ntalnlng gas from which the gaseous 
feedstock Is derived. 

t 

Instead, or In addition, acUustIng the composition of at least a portion of the 
tail gas may Include adding an Ha-rich gas to said portion of the tall gas. 



J 
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Adding an fVrlch gas to said portion of the tail gas may include refonning a 
portion of the gaseous feedstock in a steam refomiing stage to produce an H2 rich 
refomied gas. and combining at least some of the H2 rich refbmied gas with said portion 
of the tail gas to provide the DME synthesis feedstoctc. 

Typically, an Installation for syntheslsing hydrocartaons which employs a 
Fischer-Tropsch synthesis stage Includes a hydreprocessing facility, which In turn i^lies 
on a steam refomilng fiadllty to generate Ha for hydroprocesslng. Advantageously, th 
process of the Invention can thus rely on such a steam refomiing facility, possibly 
upgraded If necessary, also to provide the Ha rich refonned gas with which the 
composition of said portion of the tail gas can be adjusted. 

The process may include recycling some of the tali gas to the Fischer- 
Tropsch reaction stage. The tail gas recycle may be used to increase overall Fischer- 
Tropsch reaction stage CO and Ha conversion to a value of up to 60 %, preferably to a 
value of up to about 60 %. The CO and Ha per pass conversion is In the order of about 
30 %. It is known that a reaction stage using promoted iron Fischer-Tropsch catalyst 
suffers from a rapid decline In reactton stage productivity as the per pass conversion of 
CO and Ha increases. It Is thus advantageous that the Fischer-Tropsch reaction stage 
may be operated with a low per pass conversion of CO and Ha of between about 30 % 
and about 50 %, preferably about 30 %. 

The gaseous feedstock to tall gas recycle ratio will typically be about 1:1, 
but may vary depending on the gasecus feedstock composition. ' 

The Fischer-Tropsch reaction stage may operate at a tempenaturo of less 
than 280 "C. Typically, the Fischer-Tropsch reaction stage operates at a temperature of 
between 160 'C and 280 "C. preferably between 220 "C and 260 "C, e.g. about 240 'Ci 
The Bscher-Tropsch reaction stage is thus a high chain growth, typically sluny bed. 
reaction stage, operating at a predetemiined operating pressure In the range 10 to 50 
bar, e.g. about 40 bar. 

The process of the invention may include treating the hydrocart)ons to 
provide a naphtha fraction and/or a kerosene fraction, e.g. a Cb to a C& or C9 naphtha 

i 
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cut or fraction and a C9 or C10 to Cia or C14 kerosene cut or traction. Preferably^ 
lubricatJns oils and dieeei are also produced. In feet, the liquid hydrocaripon product 
from the Rscher-Tropsch reaction stage may comprise predominantly wax. In other 
words, at least about 50 % by mass of the liquid hydrocarbon product from the Fisch rw 
Tropsch reaction stage may be made up of C19+ hydrocarbons. This wax may be 
processed in a wax processing or hydroprocessing stage to give high yields of high 
quality lubricant base oil products and/or high value wax products.' The wax processing 
stage may also yield a portion of the naphtha fractlon.'e.g. a Cg to C^o naphtha fraction. 

A kerosene fraction, e.g. a Ca to Cw fraction of the condensed liquid 
hydrooartwns from the Fischer-Tropsch reaction stage- may be treated to remove 
oxygenated hydrocarbons and then alkylated and subjected to a separatton stage to 
produce linear alkyi benzene, and optionally parafRns and oxygenates. The naphtha 
taction may be processed to extract olefin comonomers such as l^exene and 1- 
octene, and optionally paraffins and oxygenates. 

As mentioned hereinbefore, the gaseous feedstock may be derived fiwm a 
methane<«,ntalning gas. Derivation of the gaseous feedstock may Include refbmiing 
the methane-containing gas In a refomiing stage In the presence of oxygen and steam 
The refomiing stage may be an autothemial Wfomilng stage. Preferably, a low steam 
to carbon ratio of beiween about 0.2 and about 0.6. e.g. about 0.4. Is used In the 
autothemnal rafomiing stage. Instead, the reforming stage may be a-catalytic or a non- 
catalyHc partial oxidation stage, in which a steam to carbon ratio of 0.2 or less is 
typically used. 

When derived from a methane-containing gas, the gaseous f^stock may 
comprise hydrogen and carbon monoxide in a molar ratio of between about 2.1 and 
about 2.3. Thus there Is an excess. of Ha above the stoichiometric requirements for 
hydrocartx>n synthesis. When derived from a solid carbonaceous material, and relying 
on gasification of the solid cariponaceous material In a gasification stage, the 
cari^onaceous feedstock typically has an H^CO molar ratio of between about 0.7 and 
about 2.1 Often between 0.7 and 2.0. Thus there may be a deficit of the Ha compared 
to the stoichiometric requirement tor hydrocarbon synthesis. ' 
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Converting at least a portion of the DME synthesis feedstock fed fo the DME 
synthesis stage to DME may Include conlacUng the DME synthesis feedstock with a 
methanol catalyst and a methanol dehydration catalyst, ther by to produce DME. As 
methanol catalyst, a copper-containing catalyst is usually employed. Suitable catalysts 
however Include compositions containing copper, zinc oxide, chromia and/or alumina 
and possibly other oxidic materials such as magnesia. The DME synthesis stage will 
typically require recycle of unreacted DME synthesis feedstock to obtain satisfactory 
conversion. 

The produced methanol may simultaneously be dehydrated to produce the 
DME. Typically, a product mixture with a high DME to methanol ratio is produced, 
wlilch can be subjected to a rectification process to recover a DME product with the 
required purity. Separated methanol may be recycled to the DME synthesis stage. 
Thus, DME is produced directly In corfibination with methanol by a combined synthesis 
from the DME feedstock by use of catalyst active in both the synthesis of methanol from 
synthesis gas and methanol dehydration. Methanol dehydration catalysts usually 
comprise alumina or alumina silicates as active compounds. 

* 

■ 

According to another aspect of the Invention, there is provided a process for 
co-producing a liquid fUel and light olefins, the process Including 

M-producing liquid hydrocartjons and dimethyl ether (DME) from a gaseous 
-* comprising hydrogen and carbon monoxide; 
treating the liquid hydrocarijons to provide a liquid ftiel; and 
converting at least some of the DME Into light olefins. 

The liquid hydrocartwns and the DME may be co-produced in accordance 
With the process in accordance with the first aspect of the invention. Advantageously 
the DME being converted Into light olefins need not be of high purity. ' 

J'^^*'*^ ''"'"''^ hydrocarbons may include subjecting at least a portion of 
the liquid hydrocart>ons to hydroprocesslng. thereby to produce lubricants and a diesei 
fraction, the liquid fuel produced thus being FischeNTropsch derived liquid fuel and 
including a diesei fraction. 
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Treating the liquid hydrocarbons may al80 Include producing a naphtha 
fraction and optionally a kerosene fraction, and converting at least some of the naphtha 
ftactlon and optionally some of the kerosene fraction with at least some of the DME Into 
light olefins, such as ethylene and propylene. Pfefarably. a zeolite such as ZSM^5 or a 
6 molecular sieve catalyst, preferably a siilooalumino phosphate catalyst le used to 
convert the DMB and a naphtha fraction and optionally a keix>eene fraction into light 
olefins. . Suitable slllcoalumino phosphate catalysts Include SAPO-5. SAPO-8, SAPO- 
11. SAPO-16. SAPO-17, SAPO-18. SAPO-20. SAPO-31, SAP0^4. SAPO-Ss! SAPO- 
36. SAPO-37. SAPO-40, SAPO-41. SAPCM2, SAPO^. SAP0.47 and SAPO-56, the 
10 metal-containing fbrms thereof, and mixtures fliereof. 

The Inventton will now be described, by way of example, with reference to the 
two accompanying diagrammatic drawings In which 

Figure 1 shows a simplified flow sheet of a ptt>cess In accoreiance with the 
5 Invention fbr co-producing hydrocarbons, DME and light olefins; and 

Figure 2 shows a simpiHIed flow sheet of anotiier embodiment of the process In 
accordance with the invention for co-producing hydrocarbons. DME and light olefins. 

■ 

Referring to Figure 1 of the drawings, reference numeral 10 generally 
indicates a process In acconiance with the invention for co-pmducing hydrocarbons 
such as Fischer-Tropsch derived lubricating oils and diesel. DME and light olefins such 
as ethylene and propylene. 

. The process lp includes an autothermai refonnlng stage 12 provided with a 
natural gas feedstock line 14 and oxygen and steam feed lines 16. is. The autothermai 
reforming stage 12 is connected to a FIschei-Tropsch reaction stage 20 by means of a 
syngas feed line 22. A gaseous product line 24 leads from the Fischer-Tropsch reaction 
stage 20 to an air cooler 26 and from the air cooler 26 to a three-phase separation 
stage 2S. An aqueous condensate line 32 leads from the tiiree^phase separation stage 
28. a tali gas line 34 leads to an optional light hydrocarbon mdovery stage 36 and a 
hydrocarbon condensate line 38 leads to a fractionation stage 40. From the 
fractionation stage 40 a naphtha fraction line 30 leads to an optional comonomer 
separation stage 56. a kerosene fraction line 42 leads to an alkylation stage 44, a 
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heavies line 46 leads to a hydroprocessing stage 48, a diesel fractfon line 60 leads to a 
diesel hydrotreaflng stage 52. and a light hydiocarbon line 84 Is pmvided. 

» 

The optional comonomer stage 56 is connected to the light hydrocarbon line 
84 from the fractionation stage 40 with a naphtha line 57. Comonomer product lines 60 
(only one of which ts shown) for comonomer product such as 1-hexene and 1-octene 
lead from the optional comonomer stage 56. 



The optional alkylatlon stage 44 is provided with a benzene feed line 54 and 
•s connected to the diesel hydrotreating stage 62 by a paraffins/oxygenates feed line 58 
A linear alkyl benzene product line 62 also leads from the optional alicyiatfon stage 44. • 

, The Rscher-Tropsch reaction stage 20 Is connected to the hydroprocessing 
stage 48 by means of a liquid hydrocarbon line 64. A naphtha line 66 irpm the 
hydroprocessing stage 48 Joins the light hydrocarbon line 84 ftom the fractionation 
stage 40 and a diesel line 70 from the hydroprocessing stage 48 joins a diesel line 72 
from the diesel hydrotreating stage 52. An unconverted heavies line 74 from the " 
hydroprocessing stage 48 is recycled to extinction to the hydroprocessing stage 48 A 
lubncating oils product line 82 leads from the hydroprocessing stage 48. 

■ 

A tail gas recycle line 86 and a compressor 88 are provided to recycle tail 
gas from the three-phase separation stage 28 to the Fiecher-Tropsch reaction stage 20. 

■ 

The process 10 further includes a steam refomiing stage 90 also fed by the 
natuj^l gas feedstock line 14. From tiie steam refomiing stage 90. a hydrogen rich gas 
l.ne 92 leads and branches to feed Into an optional water-gas shift reaction stage 94. 
and optionally to a DME synthesis stage 98. The steam reforming stage 90 Is provided 
With a steam feed line 100 and the optional water^as shm reaction stage 94 is provided 
with a steam feed line 102. 

The process 10 ftjrther IncdudeB a prassuiw swing adsorpflon stag 104 
Which receives gas. either from the wata^gas shift roacHon stage 94 or the steam 
rofomilna stage 90 If the wat ^ shift reactlcn stage 94 Is not prosant. by means of a 
ges feed line 108. From the pressure swing adsonjtton stage 104, a hydrogen line 108 

« 
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leads to the hydroprocessing stage 48. and a fuel gas line 110 fs pmvlded. A hydrogen 
line 1 09 leads from the hydrogen lin 108 to the diesel hydrotrBatlng stage 52. 

The optional CO2 separation stage 96 is optionally connected to the light 
hydrocarbon recovenr stage 36 by means of a line 1 12. which may Instead feed Into the 
DME synthesis stage 98. A compressor 97 may be required to Incnsase the pressure to 
a suitable pressure for DME synthesis. The natumi gas feedstock line 14 also branches 
to the optional CO2 separation stage 96. 

The optional CO2 separation stage 96 is provided with a CO2 enriched gas 
line. 1 14 which Is either vented or at least partly, returned to the autothemial refonnlng 
stage 12. A CO2 lean gas line 1 16 leads to the DME synthesis stage 98. 

From the DME synthesis stage 98, an aqueous condensate line 118. a tail 
gas line 120 and a DME pmduct line 122 lead. The tall gas line 120 leads into an 
optional light hydrocarbon recovery stage 124 from where a light hydrocarbon line 126 
joins the DME product line 122 and a fuel gas line 128 is provided, which optionally 
returns to the pressure swing adsorption stage 104. 



. The DME product line 122 is also joined by the light hydrocarbon line 84 
after the light hydrocarbon line 84 is Joined by a light hydrocarbon line 130 from the 
optpnal light hydroca*on recovery stage 36. The DME product line .122 feeds Into a 
•ght olefins production stage 132 from whe,^ an aqueous condensate line 134 and a 
light olefins product line 1 38 lead. 

In use, the pn«e« 10 is prevWsd wtth a methane rtoh gas, such as natural 
gas. fed along the natumi gas feedstock line 14. In the autothermal nsformlng stage 12 
the natural gas Is rsfomied In the presence of oxj^en and steam and at a pnMsure of 
about 55 bar and a temperature of about 1050 -C. Typically, the steam is genemfed at 

Th'"^"!'?*^ ^ ^ ""^ ^ '™««« "eat exchange (not 

shown) With the autothem«l rsfemiing stage 12 hot outlet st».m befere the synthesis 
gas is removed by means of the line 22. Preferably, a low steam/carbon raBo of 0 4 is 
employed In the autothermal refonrtng stage 12 to p^duoe a synthesis gas with an 
H:^CO ratio In the range of about 2.1 to 2^, ie slightly rich In hydrogen. n,e synthesis 
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gas thus comprises primarily carbon monoxide, carbon dioxide and hydrogen and 
includes residual methane and typically small amounts of light paraffins, such as 
methane and propane. 

' 6 The synthesis gas is fed from the autothermai refomilng stage 12 to the 

FIscher-Tropsch reaction stage 20 by means of the syngas feed line 22. Although not 
shown in the drawings, the synthesis gas is typically flrat cooled In an air cooler to a 
temperature of about 70»C. before being fed into the Rsbher-Tropsch reaction stage 20 ' 
Dunng this air cooling of the synthesis gas. an aqueous condensate is produced, which 

10 is removed from the synthesis gas. 

* 

The FIscher-Tropsch reaction stage 20 comprises one or more sluny phase 
. reactors, operating at a pressure between 10 bar and 50 bar. typically about 40 bar and 
a temperature typically between. 220«'C and 260'C. These three-phase sluny phase 
6 reactor each Include a sluny bed of solid particulate promoted Iron FIscher-Tropsch 
catalyst suspended fn liquid hydrocaifeon product (mostly wax). The synthesis gas 
entera the sluny beds at a low level and the hydrogen and carbon monoxide react 
catalytlcaliy as they pass upwardly through each slurry bed. thereby to fbmi liquid 
hydrDcartx)n products and gaseous products. The liquid product is withdrawn along the 
) liquid hydrocarbon line 64 and fed to the hydroprooesslng stage 46. The gaseous 
products and unreacted synthesis gas feedstock leave the FIscher-Tropsch reaction 
stage 20 along the gaseous product line 24. in the air cooler 26 the gaseous products 
and unreacted feedstocic are cooled, producing an aqueous condensate which Is 
removed along the aqueous condensate line 32. from the three-phase separation stage 
28 where It is separated. A hydrocarbon condensate is removed by means of the 
hydrocarbon condensate line 38 from the sepamtlon stage 28 and fed to the 
fractionation stage 40. The three-phase separation stage 28 also produces a tall gas 
which Is withdrawn along the tafi gas line 34. 



A portion Of the tall gas is recycled by means of the tail gas recycle line 86 
and the compressor 88 to the FIscher-Tropsch reaction stage 20. A ratio of recycled tall 
gas to fresh synthesis gas of about 1 M is maintained, in the Fischer-Tropsch reaction 
stage 20. overall CO and hydrogen conversion Is maintained at about 50 %. Per pass 
conversion Is thus about 30 %. This Is advantageous, as water Is fomied In the Fischer- 
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Tropsch reaction stage 20 and water deactivates the Iron catalyst. Thus, by keeping the 
per pass conversion low. the partial pressure of the water Is kept sufficiently low, ie less 
than 3 bar, to ensure that the catalyst activity remains at a reasonably high I v I. ■ 

A portion of the tall gas from the three-phase separation stage 28 Is fed to 
the DME synthesis stage 98 by means of the line 112, possibly being compressed by 
the compressor 97. Before entering the DME synthesis stage 98. this portion of tall gas 
may however be subjected to a light hydrocarbon recover/ operation In the optional light 
hydrocarbon recoveiy stage 38, in order to recover light hydrocarbons such as Ca to 
hydrocarbons and traces of Ce hydrocarbons, which may then be removed along the 
light hydrocarbon line 130. 

I 

The portion of the tail gas fed to the DME synthesis stage typically has a 
syngas number which is less than 2 because of the presence of excess CO2 
Preferably, lor DiVIE synthesis, the syngas number should be about 2 and it is thus 
desirable that the composition of the tail gas be ac^usted prior to the tali gas entering 
the DME synthesis stage 98. The composition of the tail gas can be adjusted by either 
removing excess COa or adding a hydrogen-rich gas to the tail gas. 

In the process 10 shown in Figure 1 of the drawings, the composition of the 
ta,l gas can be adjusted for DME synthesis purposes by the removal of CO2 This 
option is Illustrated by the CO. separation stage 96 into which the portion of the teil gas 
intended ibr DME synthesis is fed by means of the line 112 between the light 
hydrocarbon recover stage 36 and the COa separation stage 96. In the CO2 
separation stage 96. the tail gas Is contacted with a solvent, such as a Benfleld solution * 
Which absorbs some of the CO.. providing a CO. lean gas which can be fed by means' 
of the CQ2 lean gas line 1 16 to the DME synthesis stage 98. 

t 

m 

The COa removed from the tail gas may be recovered by stripping It from the 
solvent. Typically, this is achieved by using a stripping gas (In this case the natural gas 
f edstock) and elevating the tempemture of the solvent, producing a CO^ rich gas. 

By means of ths CO. rich gas lln. 114, the cp, rich gas Is either vented or at least 
partly mcyolecl to the autothenmal refarmino stage 12. This recycle feoillty allows for 
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better control of the H^/CO ratio in the synthesis gas fed to the reaction stage 20 

thereby favourably to decrease methane selectivity in the Fischer-Tropsch reaction 
stage 20. 



As mentioned hereinbefore, another option available to adjust the syngas 
number of the DME synthesis feedstock is to add a liydnsgen rich gas to the DME 
synthesis feedstoci^. This option can easily be entertained when the steam refomiing 
stage 90 is present and is Illustrated by means of the Ha rich gas line 92 joining tine line 
1 12 between the light hydrocarbon recovery stage 36 and the DMB synthesis stage 98. 

t 

steam reforming stage 90, which is fed with 
natural gas along the natural gas fbedetock line 14 and with high prassura steam by 
means of the steam f^ed line 100. In the steam refonning stage 90. the methane- 
containing natural gas and the steam are mlxejd and passed at an elevated temperature 
. and pressure, tiirough externally heated tub^s containing a suitable steam refomiing 
catalyst Catalysts employed are typically nikel on a suitable support. e.g. alumina, 
magnesia, zirconia, or calcium-alumlnate ceni'ent. Tlie tubes are heated by a suitabi * 
gas. typically the product of combusting a fuej gas. Typically, the temperature is In the 
range of 700 -C to 950 and the pressure i4 in the range of 16 to 60 bar. particularly 
40 bar. The steam Is normally present in an excess over that required Ibr the reforming 
reaction In order to reduce the risk of fbmiation of cartoon deposits on the refonriing 
catalyst. The reformed gas will contain hydrogen, carbon monoxide, carbon dioxide 
unreacted steam and methane. Although not shown in Figure 1 of the drawings the 
refomied gas Is usually cooled to below the dew point of the steam therein to condense 
the unreacted steam which is then separated, leaving the residual reformed gas which 
is a hydrogen rich gas. 

« 

For some operations, a gas even more rich in hydrogen than the Ha rich o'r 
reformed gas from the st^m reforming stage 90 is required. This gas can be obtained 
by subjecting the Ha lioh or reformed gas to a water-gas shift reaction, as is illustrated 
by the water^as shift reaction stage 94. In the water-gas shift reaction stage 94. tine Ha 
rich gas is mbced with steam fed by means of the steam feed line 102 and passed over 
a suitable shifting catalyst which promotes tiie water^as shift reaction. Some of tiie 
cartoon monoxide and steam Is thus converts^ to carbon dioxid.e and hydmgen, thereby 
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further enriching the Ha rich gas In hydrogen. This further enriched gas is f d by means 
of the gas feed line 106 Into the pressure swing adsorption stage 104 whem by means 
of conventional pressure swing adsorption a hydrogen stream is produced which can bh ' 
fed by means of the hydrogen line 108 to the hydroprocessfng stage 48 and by means 
of tiie hydrogen line 109 to the diesel hydrotreating stage 62. A lUel gas produced by 
the pressure swing adsorption stage 104 is removed by means of the fuel gas line 110. 
This fuel gas can be used for heating purposes in other areas of the process 10. e.g. • 
the steam reforming stage 90. 

In the DME synthesis stage 98, the DME synthesis feedstock Is converted to 
DME by passing the DME synthesis feedstock over a methanol catalyst and a methanol 
dehydration catalyst. provWIng a product mixture with a high DME to methanol ratio. 
The product mixture Is reotllfed to the required purity and the excess methanol is 
recycled. The DME synthesis stage 98 is preferably operated at a pressure of at least 
25 bar preferably above 35 bar and a temperature as low as economically feasible, to 
promote methanol fbnmation and mettianol dehydration. As mentioned hereinbefore, it 
may be necessary to compress the DME synthesis feedstock, by means of the 
compressor 97. before passing the DME synthesis feedstock to the DME synthesis 
stage 98. Typically, a copperssontalning catalyst Is used to produce methanol from the 
DME synthesis feedstock, whereas the methanol dehydration catalyst Is typically a 
catalyst comprising alumina or alumina silicates as actjve compounds. 

Advantageously, the DME phoduct can be converted to light olefins In the • 
light olefins production stage 132. The DME product Is thus, fed to the light olefins 
production stage 132 by means of the DME product line 122 and passed over a DME 
dehydration catalyst, such as ZSM-S or SAF'O-34. In the process, the DME is 
dehydrated, producing an aqueous condensate stream which Is removed along the 
aqueous condensate line 134, and a light olefins product which Is removed along the 
light olefins product line 136. This light olefins product typlcaUy Includes ethylene and 
propylene and small amounts of aromatlcs. 



A tall gas from the DME synthesis stage 98 is fed by means of the fall gas 
line 120 Into an optional light hydrocarbon recovery stage 124 to recover at least C3+ 
light hydrocart^ons. which are combined with the DME product In the DME product line 
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I 122, by means of the tight hydrocarbon line 126, for oonverslon to light olefins in the 
I light olefins produc^'on stage 132. The light hydrocartjon recovery stage 124 also 
I prodiices a fuel gas, which is removed along the fuel gas line 128 for use in other 
I locations, or which is optionally recyded to the pressure svM'ng absorption stage 104 by 
I 5 means of tiie ftjel gas line 128. 

I The hydrocarbon condensate removed finom the three-phase separation 

I - stage 28 by means of the hydrocarbon condensate line 38 is subjected to fractionation 
I in a ftactionatlon stage 40 (atmospheric distillation) to produce a heavies stream which 
10 is passed to the hydropmcessing stage 48 by means of the heavies lines 46, a diesei 
fraction which is fed to the diesel hydrctreating stage 52 by means of the diesei fraction 
lin& 50 and a light hydrocarbon traction which is fed to the light olefins production stage 
132 by means of ttie light hydrocarbon line 84, A icerosene fraction, e.g. a C-io to Ci4 
fraction, is removed from the fractionation stage 40 by means of the Icerosene fraction 
15 line 42 and fed to the aii^iation stage 44, where it is treated to remove oxygenated 
hydrocarbons and then ailcyiated in the presence of benzene to pnaduce a linear alM 
benzene product. The benzene is fed by means of Itie benzene feed line 54 into the 
ailcyiation stage 44 and a paraffin/oxygenates mbcture is removed lay means of the 
paraffin/oxygenates feed line 58, which is fed into the diesei hydrotieating stage 52. 
20 Linear aikyi benzene product is removed by means of the linear allcyl benzene pn^duct 
line 62 from the aikyiation stage 44. 

A naphtha fraction, e.g. a Cs to Ca or Cg fraction is removed from the 
fractionation stage 40 by means of the naphtha fraction line 30 and fed to a comonomer 
26 separation stage 56 from which comonomer products, e.g. 1-hexene and 1-octene (Ce 
and Cg alpha olefins), are removed by means of comonomer product lines 60 (only one 
of which is shown). The remaining naphtha is fed to the light hydrocarbon line 84 by 
means of the naphtha line 57. 

* 

m 

^0 In the diesei hydrotreating stage 52, the diesei fiiaction from the frBCtionatlon 

* 

Stage 40 and the paraffins and oxygenates remaining after the aikyiation stage 44 are 
subjected to hydrotreatment, with the hydrogen being fed by means of the line 109 from 
the pressure swing adsorption stage 104. A diesei product is thus produced from 



et.twrrui »o ci.iMrtui 



» 



16 

« 

pamfRns, olefins and oxygenates and removed from the diesel hydrotreaUng stage 52 
bym ans of the diesel line 72. 

In the hydroprocessing stage 48, the liquid hydrocarbon wax from the 
S FischerTropsch reaction stage 20 and the heavy hydrocarbons from the fractionation 
stage 40 are subjected to hydroprocessing. The hydrogen is fed from the pressure 
swing adsorption stage 104 by means of the hydrogen line 108 into the hydroprocessing 
stage 48. The hydroprocessing stage 48 produces a naphtha product which is removed 
by means of the naphtha line 66 and sent to the light olefins production stage 132. A 
10 diesel product from the hydroprocessing stage 48 is removed by means of the diesel 
line 70. Unconverted heavies, from the hydroprocessing stage 48 is removed by means 
of the unconverted heavies line 74 and recycled. The hydroprocessing stage 48 
produces a range of valuable lubricating oils and other waxes and products, which are 
represented by the lubricating oils product line 82. 
15 

Referring to Figure 2 of the drawings, a process in accordance wHh the 
invention for producing liquid hydrocarbon fueisi DME and light olefins. Is generally 
indicated by reference numeral 200. The process 200 is similar to the process 10, and 
unless otiienA^se indicated, the same reference numerals are used to indicate the same 
20 or similar parts or features. The process 200 Illustrates tiie invention for the case, where 
the gasebus feedstock Is derived from a solid caiisonaceous material, such as coal. 

Hie process 200 includes a gasification stage 202 supplied with a coal 
feedstock, indicated by reference numeral 204. A raw gas line 206 connects the 

m 

25 gasification stage 202 to a CO2 and sulphur removal stage 208 from where the syngas 
feed line 22 leads into the Fischer-Tropsch reaction stage 20. 

As be noted in Figure 2, the light hydrocarbon recovery stage 36 is 
optionally followed by a slipstream water-gas shift reaction stage 94, which is thus 
30 optionally located between the light hydrocarbon recovery stage 36 and the CO2 
s paraiion stage 96. ACX)2gaelin 21 0 leads from the CO2 separation stage 96. 



The process 200 is operated In slrnilar fashion to the process 10, but with a 
few alterations. Instead of a methane-containing gas providing the hydrocarbon 
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feedstock, tti hydrocarbon f edstock Is derived from coal which \s fed to the 
gasification stage 202 and gasrfi d in a plurality of conventional gasifters. such as Lurgt 
(trade name) gasffiers. The gasifiers typically produce a gaseous carbonaceous 
feedstock with an Ha/CO molar ratio of between about 0.7 and about 2.1, more fypicaliy 
between about 1.9 and 2.1 when Lurgi (trade name) gasifiers are being used. The raw 
gas fiiom the gasification stage 202 is fed by means of the raw gas line 206 to the CO2 
and sulphur removal stage 208 to produce a synthesis gas suitable for FIsoher-Tropsch 
hydrocarbon synthesis. The synthesis gas is then fed by means of the synthesis gas 
feed line 22 into the Pischer-Tropsch reaction stage 20 from where the process 200 Is 
very simiiar to the process 10 in respect of the stages 26. 28, 40, 44, 48, 56, 52, 36, 98, 
124 and 132. However, the optional slip-stream water<^as siiift reaction stage 94 Is 
provided after the light hydrocarbon recovery stage 36 with the purpose of enriching the 
tail gas being fed to the DME synthesis stage 98 with hydrogen. Thus, In the water-gas 
shift reaction stage 94. carbon monoxide is reacted wi^ steam to produce carbon 
dioxide and hydrogen, whereafter some of the carbon ■ dioxide is removed In the CO2 
sei^aratton stage 96 to produce a carbon dioxide stream indicated by reference numeral 
210 and a CO2 lean gas. which is In effect hydrogen enriched, and which is combined 
by means of the CO2 lean gas line 116 with the tail gas in the line 112 between the light 
hydrocarbons recovery stage 36 and the DIVIE synthesis ^age 98 to provide a DMB 
synthesis feedstock with a syngas number of about 2. 

It is an advantage of the process 10, 200, that DME, naphtha and LPG are 
co-processed to produce light olefins such as ethylene and propylene. The process 10, 
as illustrated, is also quite flexible as far as the relative production of FIscher-Tropsch 
hydrocartaons and DME or light olefins is concerned, with the production of one versus 
the production of the other easily being increased or decreased, depending on where 
most value can be derived ftom. The process also allows for convei^ion of some of the 
CO2 produced by synthesis gas production and Fischer-Tropsch reaction to usehj'l 
products by means of DI^E synthesis if hydrogen is available. Overall carbon efficiency 
Is thus Improved and CO2 emissions reduced. Furthermore, if the DME synthesis can 
be effected economically at a pressure simiiar to but lower than tfie pressure at which 
the Fischer-TTopsch reaction stage 20 is operated, no additional compression of th tail 
gas is required for DME synthesis purposes. The processes 10, 200. as illustrated, also 
allow less severe light hydrocarbon recovery in the light hydrocarbon recovery stage 36, 
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than l8 the oas for a conventional Pischer-Tropsch synthesis process aimed only at 
producing Rscher-Tropsch derived hydrocarbons. If the light hydrocarbons can be fed 
through the DME synthesis stage 98 without advers effects. The process 10. 200, as 
Illustrated, enjoys the benefits of Pe-based Fischer-Tropsch catalysts, whilst 
simultaneously, as a result of the DME synthesis stage, avoiding the disadvantages of 
using Fe-based Fischer-Tropsch catalysts. 
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